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Abstract— Hybrid power systems based on new and renewable energy sources, especially solar PV and Diesel Generator are an
effective option to solve the power-supply problem for remote and detached areas from the national grids. Hybrid renewable set-
up indicates that various combinations based on the renewable sources could be applied simultaneously to play energy in the
form of employed in an off-gird supporting with diesel generator and battery energy storage system as backup systems. In this
paper, solar PV/Diesel Generator/battery bank/converter have been simulated and optimized for the rural area of Albasa village
among the woreda of Metekel Zone in Benshangul Gumuz region of Ethiopia. Based on the design of hybrid system Primary load
demand of the village was 279kWh/day, peak load of 67kW, deferrable energy is about 29kWh/day, and deferrable peak load of
1.9kW with COE $0.010/kWh were involved during optimization of the power system. Well known freeware HOMER and
programmable logic controller modeling tool have been used to design optimal off-grid system and energy management system
respectively. Solar PV was considered as primary sources to supply electricity directly to the load and to charge battery bank
when there were excess energy generation. However, either in peak load times or low generation of primary sources storage
battery bank discharged and Diesel Generator could also be used as a source. The load has been suggested for residential loads
and deferrable load. During design of this power system set-up, the simulation and optimization was done based on the load
demand, climatic data, economics of integrated system components and other parameters in which the total NPC and levelized
COE have to be minimized to select economically feasible and technically capable hybrid power system. Furthermore; a
programmable logic controller modeling is also modeled to compare the possible potentials available and take a decision. The
decision of programmable logic controller modeling is based on the instructional rules written on it.

Keywords— HOMER, programmable logic controller, hybrid system, solar PV, Diesel Generator, Battery bank, primary load,
deferrable load, rural electrification.

l. Introduction

Energy is the fuel for growth of a country or generally growth of the world. An increased access to electricity enhances
opportunities for industrial development and improves health and education. But currently still about 37% of the world’s
population have no access to electricity. Most of rural people depend almost exclusively on biomass for their daily energy need.
According to the report of United Nations Food and Agriculture Organization, the numbers of people suffering from shortage of
wood fuel were expected to highly increase in the coming years [1], [2].The Ethiopian Government tried to connect this rural
location by using national grid extension for the last two decades. However, still the current electricity access is below 50% and
the real connection is less than 14% [2], [3]. Today it is widely accepted that Renewable energy system (RES) have a large
potential to contribute to the strengthening and development

of national sustainable energy infrastructures in many countries in the world by securing better energy independence through the
mobilization of domestic renewable energy resources especially in rural areas [4], [5].

A stand-alone power system (SAPS), also known as remote area power supply (RAPS), is an off-grid electricity system
for locations that are not fitted with an electricity distribution system. Typical SAPS include one or more methods of electricity
generation, energy storage, and regulation [6], [7], [8]. Hybrid renewable energy systems (HRES) are becoming popular as stand-
alone power systems for providing electricity in remote areas due to advances in renewable energy technologies and subsequent
rise in prices of petroleum products. A hybrid energy system, or hybrid power, usually consists of two or more renewable energy
sources as well as a backup is used together to provide increased system efficiency as well as greater balance in energy supply [9],
[10], [11]. The following Figure 1 shows that the history of Ethiopian electric power generation starting from the beginning until
the current situation.
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Fig.1 History of Ethiopian Electric Power Sector

Despite of the abundant renewable energy resources, many communities still live without access to electricity either
from the utility grid or off-grid renewable energy generated electricity. Energy consumption involves all energy harnessed from
every energy source applied towards activity across all industrial and technological sectors in every country. According to current
figures about 30% of the Ethiopian citizens are estimated to have electricity access and the per capital energy consumption is still
less than 100 KWh per household, which is the lowest in the world and almost using biomass [12], [13], [14]. This had a direct
impact on deforestation. However, energy supply thereby is covered by bio-energy which accounts about 90% of final energy
consumption, while a transport sector is predominantly run by imported petroleum; which accounts about 4.5% and the modern
energy contributes only about 6% of the overall energy consumption. Nowadays Ethiopia total installed capacity of electric
generation is about 4.5 GW (2019) mainly generated by hydro (90%) and followed by wind energy (7.6%). Only few researchers
were conducted in Ethiopia to solve problem in rural energy access and empower the development of alternative energy
technology. The lack of electricity access causes for social and economic problems such as poverty, poor health services, low
quality of education, gender inequity and so on.

The proposed method presents the review of Ethiopia renewable energy potential with current state in a more
comprehensive way and provides valuable information for researchers, industrial companies and decision makers to promote
investment in renewable energy technology development. During design of hybrid system, it is needed to design efficient control
system. If the control system failed to switch to an appropriate power source at desired time, the efficiency of the system will
decrease. Hence attentions should be given to the control system during designing of hybrid power system. Design and
Optimization of a Hybrid PV/ESS/Diesel Based Mini-Grid Power System Generation of Rural Electrification. As a Case Study of
Albasa Villages/Metekel Zone in Benishangul Gumuz Region, Ethiopia, to select the best optimized hybrid model for providing
electricity to the community by considering its overall installation cost, contribution of renewable energy sources and energy cost
per kWh.To analyze the power and energy demand of the society of the selected areas by considering the basic needs of the
people. To select appropriate solar modules, Diesel Generators and batteries depending on the energy demand for the selected
sites. To determine the demand of the community at the life span of the project through load forecasting. To control the system
using programmable logic controller, draw conclusions and give recommendations for future works.

I1. Materials and Methods
A Modeling of Hybrid Energy System Components-Mathematical Modeling of PV System

The operation and the performance of PV generator is interested to its maximum power, the models describing the PV
module’s maximum power output behaviors are more practical for PV system assessment. Using the solar radiation available on
the tilted surface, the ambient temperature and the manufacturers data for the PV modules as model inputs, the power output of

the PV generator, PPV, can be calculated according to equation (1.1)
= I NAL G, (1.1)

Where, - is the instantaneous PV generator efficiency, - is the area of a single module (m?), - is the global

irradiance incident on the titled plane (KW/m?) and N - is the number of modules. All the energy losses in a PV generator,
including connection losses, wiring losses and other losses, are assumed to be zero. The instantaneous PV generator efficiency is
represented by the following equation:
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= 1,1, [1 - B (T - T,)] (1.2)

Where, I is the PV generator reference efficiency, Hpt is the efficiency of power tracking equipment which is equal to

1, T.is the temperature of PV cell (°C), Tis the PV cell reference temperature and £, is the temperature coefficient of efficiency,

ranging from 0.004 to 0.006 per °C for silicon cells.Based on the energy balance the PV cell temperature can be expressed as
follows:

T, =T, +G, (U;“L) (1.3)

Where, T.is the ambient temperature (°C), Upis the overall heat loss coefficient (W/m% °C), Tand @ represent the

transmittance and absorptance coefficients of PV cells respectively. The overall heat loss coefficient re/ Uy can be estimated from
the nominal operating cell temperature (NOCT) as follows:

(i) — NOCT-20 (1.4)

UL 20D

Consequently, the instantaneous PV generator efficiency can be expressed as follows:

NOCT-
20D

1, = 1,4, {1-,T.-T.) - 6.1 -

n.1,.)}
(1.5)

Where, l?pt,ﬁt, NOCT, A were parameters that depend on the type of module and given by the manufacturer of the

modules. Using the solar radiation available the hourly energy output of the PV generator (Epy) can be calculated according to
the following equation (1.6)

EF‘r’E- = G':t;] w4 o= PF‘r? * HF?G (16)

Where, G (t) is the hourly irradiance in KWh/m?, A is the surface area in m?, Ppy is the PV penetration level factor and

]y is the efficiency of PV generator.

B. Population Growth and Load Forecasting

The population of Ethiopia accounts all residents regardless of legal status/citizenship except for refugees not
permanently in the country of asylum, which are generally considered part of the population of the country of origin. The average
annual population growth rate of Ethiopia was 2.65% from 2005 to 2019 G.C. (source: www.google.com)

The formula used for population forecasting is:
r
B =K1+ E:]u (1.7)
Where: P, — is population at the n' year, Py — is the current population and r — is annual population growth rate in %.
C. Load Forecasting

The load forecasting was done for the two load estimations separately. It was obvious that previously recorded data was
required as an input to conduct load forecasting using different techniques. But since the selected area was not electrified so far,
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the previous data were extracted by using the load forecasting method which was in use by UEAP. This was a governmentally
owned company endowed in supplying electric access to rural areas by extending the national grid. The annual load growth rate
was about 5% which was calculated by considering the data taken from previously electrified areas. Hence, a primary load
forecasting for the first ten years were done using equa. (1.8) given below. The current electric load was taken to be 279kWh/day
which was calculated by considering the total primary load of the community.

Ep = Eg(1 4+ )" (1.8)

Where: Ej, - is electric load at the n' year, Ey - is the current electric load and r - is the annual electric load growth (i.e.
5%)

The result of this analysis was shown in Table 1.1 below. These values are then used as input to forecast for the coming
10 years (2030) using the exponential method of forecasting.

Table I: Results of primary load forecasting
Year 2020(0) 2021(1) 2022(2) 2023(3) 2024(4)
Load 279 kw 290 kw 301.65 kw 314.98 kw 329.03 kw

Thus, the principle of regression theory was used to forecast the load for the coming ten years by using the results in
Table I as a previous data. Its principle was that any function y = f(x) can be fitted to a set of points (X1, y1), (X2, y2) S0 as to
minimize the sum of errors squared at each point, i.e.

Z{yi — f(%)}? = minimum (1.9)
i=1

Among the different typical regression curves used in power system forecasting the simple least square line was used for
forecasting the load in this paper. The line y = ap + aix was fitted to the sets of points (X1, y1), (X2, ¥2) ... (Xn, Yn).Where, y - is
dependent variable, a;- is slope, X - is independent variable, ao- is y-intercept and n are number of years.

£ = Z[yi — (2 + 2,%)]? = minimum (1.10)
i=1

Partial differentiation with respect to the regressions coefficients (ap and a;) is made and the equations set to zero to
obtain the minimum error criterion. This gives us a set of simultaneous equations in ao and au:

Foray: EZ lyi — (ap + 2;%)] = 0, We get,

Zan +alzxi :ZFi
Na, +31.in :ZYi

Fora,:2 Z [}Fi — (3 + a:l.xi:l]xi =0

anzxi +31.in: =in3’i

Which yield
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_ Ev)Ex?-[ELd1E xy

ap = N T (T2 (1.11(a))
NE xmp—(Ex.(E
3 = e (1.11(b))
Table I1(a): Results of the analysis
Year Peak demand Xi . Peskdemand
(kW) plhi = 1
2020 279 -2 27.9
2021 290 -1 29.0
2022 301.65 0 30.165
2023 314.98 1 31.498
2024 329.03 2 32.903
S0
Table 11 (b)
Yi = InpDi Xiyi x?
3.25809 -6.51618 4
3.30689 -3.30689 1
3.35568 0 0
3.40446 3.40446 1
3.45325 6.9065 4
Z}'; = 16.7784 Z’}:;}'; = 0.4879 Z’}q’ =10
Table Il(c)
& & ES
3.3556 | 0.04879 5
8

Finally, the values in Table Il are used to determine the load of the selected area in 2030 G.C. The forecasting is then
done using equation 3.57 (a) and (b) shown below by considering 2030 as a reference year. Therefore, the load is obtained to be
365.85kWh/day.

T=a; +a,.x {1.12{3:]}
E, = 10&¥ (1.12(0))
D. PLC in hybrid system

Table 111 below depicts energy management system using plc. When a system has more than two sources it is necessary
to have an energy management system which is expected to optimize the power sharing among resources, the cost production and
emission. In this paper, the main purpose of EMS is - Load control (switching) - on/off loads to achieve economic and effective
energy use. Source control (switching) which type source at what time (solar, diesel generator and battery) supplies to get
continuous and reliable operation at economic level. The PLC SIMATIC manager control makes decision on the output based on
the operating state of the input.
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111. Result and Discussion
A. Optimization Analysis of the Selected Scenario

The modeling simulates one year of operation and thousands of different system configurations. The system with the
overall least cost of energy is the one highest on the list. The remaining columns show the optimized capacity of each component,
the initial capital cost, the total NPC, the COE (in $ per kWh) and renewable energy fraction. Based on the HOMER modeling,
the optimal system for Albasa village in categorized optimization results a first row, shows a hybrid solar PV/diesel
generator/storage battery, with mean output power of 25kW solar PV, 14kW Diesel Generator, 80 S4KS25P batteries (each of
1900Ah capacity) and 85kW bi-directional convertor (85kW rectifier, 85kW invertors) are required power supplied for the
selected village. This “optimal” system uses 98.5% renewable energy and the COE is $0.080/kWh.All of the power schemes
remain producing electricity throughout the year.

Table 111: States of Power Supply Units With Respect To Load Demand and Operating Time

Operating Time(hr.) Load (kw) | Solar | Diesel Battery (Lithium-lon)
energy | generator
00:00-6:00 3.565 Off Off On
6:00-7:00 10.825 Off On On
7:00-8:00 14.77 On Off Off
8:00-10:00 19.18 On Off Off
10:00-11:00 14.66 On Off Off
11:00-12:00 1.16 On Off Off
12:00-14:00 11.3 On Off Off
14:00-15:00 13.895 On Off Off
15:00-16:00 21.035 On Off Off
16:00-18:00 12.43 On Off On
18:00-19:00 33.385 On On On
19:00-22:00 38.075 Off On On
22:00-23:00 10.095 Off On On
23:00-00:00 3.75 Off Off On
10 Monthly Average Bectric Production _
| — v
— = (enerator
80 ]

Power (kW)
(=23
[ —

o~
=1

2

Jan TR Mar T A T May T odm T T Aug T oSep T Oct T oNov T Dec
Fig. 2: Share of Electricity Generation
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The electricity generation by individual power units of the hybrid system and consumptions by AC primary and
deferrable load are given in Fig.2

PV array power production accounts for 98.5% (659,278kWh/year) whereas Diesel Generator generation covered
1.59%(1,053kWh/year) of total electricity produced by the hybrid scheme. The total power generation of this power system setup
was 660,331kWh/year (100%), whereas the total electric power consumption of the AC load was about 101,835kWh/year i.e91%
of the electricity consumed by AC load and the consumption of deferrable load10,602kWh/year i.e. 9% were consumed by
deferrable load. In addition to this an excess electricity of 79.5%, a capacity shortage of (0.0%) and unmet electric load of (0.0%)
were experienced during the year. Actually, this power system architecture indicates that excess electricity would enable to supply
the demand growth of the community in the future. In addition to this, excess electricity could provide to neighboring villages or
introduce small businesses to increase the load factor of the power system; consequently, the cost of electricity will also decrease.

A Cost Summary in terms of NPC by Component Type

The following Fig.3 shows that the cost summary in terms of NPC by component type which were the system set-up. It
shows graphical representation of each component and also other required materials NPC ($). In addition to these, it shows table
representation of the capital cost ($), replacement cost ($), O & M cost ($), salvage cost ($) and total cost ($)of each component
as given below.

B. Cost Summary of the System by Cost Type

The Fig.4 below displays cost break down summary of the components with 100% renewable fraction hybrid power scheme. It is
clearly seen from the graph the total capital cost, NPC and COE of the optimal configuration of the hybrid system is calculated by
the HOMER software to be $114,838, $103,221 and $0.080/kwh respectively.

Simulation Results
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Fig.3: Cost summary in Terms of NPC by Component Type
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Simulation Results
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Fig. 4: Cost summary of the system by cost type
C. Sensitivity Results Consideration

Sensitivity is a measure of how the optimal mix of components changes for any parametric variations in the lifelong of
the system. The HOMER software simulates all the systems in their respective search space for each of the sensitivity values. An
hourly time series simulation is performed for one complete year.

In Fig.5 the line graph below shows PV array capacity variations (KW) and AC primary load (KW) is displayed within
given month of April. Considering only two of the sensitivity cases (solar PV power (KW) and AC primary load (KW)) by
keeping the other variables as fixed minimum renewable fraction were one.

250. PV Power vs. AC Primary Load, Apr

200

PV Power (kW)
=
g

-
15
8

0. A9V VRIS SVAIINVITIIVEVY T S AN

10 20 D 60 K

TR T T
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Fig. 5: PV Array Capacities vs. AC Primary Load
D. Programmable Logic Control System Results

Based on the above Table Il Source control (switching) which type source at what time (solar, diesel generator and
battery) supplies to get continuous and reliable operation at economic level given depicts energy management system using PLC
as a reference of generation and demand was discussed as follows the result given below. A system has more than two sources it
is necessary to have an energy management system which is expected to optimize the power sharing among resources, the cost
production and emission. The PLC SIMATIC manager control makes decision on the output based on the operating state of the
input variables. The results of PLC SIMATIC were as network 1 for household loads, commercial loads, community loads and
deferrable loads given in parallel as follows and shown in Fig.6.

www.rsisinternational.org Page 109


https://www.rsisinternational.org/journals/ijrias
https://www.rsisinternational.org/journals/ijrias

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (I1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS | Volume VI1II Issue 111 March 2023

Network 1:
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Fig.6: Hybrid system energy management model using PLC SIMATIC Manager
IV. Conclusions

The crucial objective of this paper was to find a best techno-economic of an off-grid power
system to supply a rural area in Albasa Village with energy management system. In the
design of solar PV/Diesel Generator and battery bank for Albasa village, the paper arrived at 5.013 kWh/m?/day average daily
solar radiation and Diesel Generator/Storage battery backup for a household with a total number of 1110households and the
total average energy demand was about 279kWh/day with maximum load of 67kW.Off-grid renewable energy-based power
systems cannot provide a continuous supply of electricity without a storage medium. Consequently, storage battery banks were
added to the hybrid system. After selecting the appropriate components and studied their characteristics, the hybrid system has
been modeled in HOMER, PLC software and simulations have been made to determine the best system which can supply the
village load with the required level of availability. The usefulness cost of all hybrid structure that can fulfill the continuous
load demand has been calculated to determine the system which provides the lowest cost.

A solar PV/Diesel Generator/battery bank and converter hybrid system has been found as the optimum system with mean
power output of 25kw, 14kw, 80 S4KS25P batteries and 85kw converter respectively. The implementation of hybrid solar
PV/Diesel Generator/storage battery bank systems in residential, non-governmental and governmental institutions and also
commercial areas across Ethiopia would reduce unexpected power interruption, high power loss and blackouts on the national
power grid. As far as the environmental aspects are concerned, these kind of renewable hybrid systems have to be wide spread
in order to cover the energy demands of rural areas and used to apply green energy policy, by reducing the greenhouse gases
emission and environmental pollutions were an important point taken to account.

Acknowledgments

Sincere thanks go out to our deserving supervisor, parents, and friends, whose support, advice, and strict monitoring made it possible
for us to finish this work. They have generously provided us with access to their huge technical expertise and real-world experience,
and we are really appreciative of that. Without their motivational advice, fervent curiosity, priceless encouragement, and kind actions,
this article would never have taken on its current form.

References

1. Ethiopian Electric Power Corporation (online) .Available: http://www.eepco.gov.et/. Accessed on 10, Apr,2011

2. Alliance for Rural Electrification, “Hybrid power systems based on renewable Energies; suitable and cost competitive
solution for rural Electrification”

3. United Nations Economic Commission for Africa. Rural Electrification Projects Frame Work Documents, 2002.

4. J.A. Trinnaman N. Zupanc, A. W. Clarke. Survey of Energy Resources, World Energy Council. Regency House 1-4

Warwick Street, London W1B 5LT United Kingdom, ISBN: 0 946121 26 5, 2007.

Gosaye Mengistie Abayneh. Ethiopia's Experience on Renewable Energy Development and Sector Strategy, 2012.

The Solar Future: Deserts of Africa, hosted by solar plaza on 2-4 July 2019 in Addis Ababa, Ethiopia.

7. IRENA (2015) Off-Grid Renewable Energy Systems: Status and Methodological Issues. Available at:
grid_Renewable_Systems_WP_2015.pdf.

oo

www.rsisinternational.org Page 110


https://www.rsisinternational.org/journals/ijrias
https://www.rsisinternational.org/journals/ijrias
http://www.eepco.gov.et/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (I1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS | Volume VI1II Issue 111 March 2023

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Marissa, B.T., Raestad, J., Anderson, R.G. and Sainju, P. (2012) Rural Electrification: The Potential of Solar PV-Off-
Grid Systems, NORPLAN.

Halder, P., Paul, N, Joardder, M., and Sarker, M, “Energy scarcity and potential of renewable energy in Bangladesh”,
Renewable and Sustainable Energy Reviews, vol.51, pp. 1636-1649, 2015.

Reiniger, K, Schott, T, and Zeidler, A, “Optimization of hybrid stand-alone systems”, European Wind Energy
Association Conference and Exhibition, 1986.

Gourbi, A., Bousmaha, I., Brahami, M., and Tilmatine, A., “Numerical study of a hybrid photovoltaic power supply
system”, Journal of Power Technologies, vol. 96, no. 2, pp. 137-144, 2016.

Contaxis, G. and Kabouris, J, “Short term scheduling in a wind/diesel autonomous energy system”, IEEE Transactions
on Power Systems, vol. 6, no. 3, pp. 1161-1167, 1991.

Phuangpornpitak, N. and Kumar, S, “PV hybrid systems for rural electrification in Thailand”, Renewable and
Sustainable Energy Reviews, vol. 11, no. 7, pp. 1530— 1543, 2007.

Rehman, S. and Al-Hadhrami, L. M., “Study of a solar PV—diesel-battery hybrid power system for a remotely located
population near Rafha, Saudi Arabia”, Energy, vol. 35, no. 12, pp. 49864995, 2010.

P. Nema, R. Nema, and S. Rangnekar, “A current and future state of art development of hybrid energy system using
wind and pv-solar: A review,” Renewable and Sustainable Energy Reviews, vol. 13, no. 8, pp. 20962103, 2009.

G. Riesch, “European rural and other off-grid electrifications,” Solar Energy Materials and Solar Cells, vol. 47, no. 1-4,
pp. 265-269, 1997.

J. Paska, P. Biczel, and M. KC, os, “Hybrid power systems - an effective way of utilizing primary energy sources,”
Renewable Energy, vol. 34, no. 11, pp. 2414-2421, 2009.

Kaundinya, P. Balachandra, and N. Ravindranath, “Grid-connected versus stand-alone energy systems for decentralized
power-a review of literature,” Renewable and Sustainable Energy Reviews, vol. 13, no. 8, pp. 2041-2050, 2009.

Nfah, J. Ngundam, and R. Tchinda, “Modelling of solar/diesel/battery hybrid power systems for far-north cameroon,”
Renewable Energy, vol. 32, no. 5, pp. 832-844, 2007.

N. Phuangpornpitak and S. Kumar, “Pv hybrid systems for rural electrification in thailand,” Renewable and Sustainable
Energy Reviews, vol. 11, no. 7, pp. 1530-1543, 2007.

S. Shaahid and 1. EI-Amin, “Techno-economic evaluation of off-grid hybrid photovoltaic diesel- battery power systems
for rural electrification in saudi arabia-a way forward for sustainable development,” Renewable and Sustainable Energy
Reviews, vol. 13, no. 3, pp. 625— 633, 2009.

S. Shaahid and M. Elhadidy, “Technical and economic assessment of grid-independent hybrid photovoltaic-diesel-
battery power systems for commercial loads in desert environments,” Renewable and Sustainable Energy Reviews, vol.
11, no. 8, pp. 1794-1810, 2007.

Nfah and J. Ngundam, “Feasibility of pico-hydro and photovoltaic hybrid power systems for remote villages in
cameroon,” Renewable Energy, vol. 34, no. 6, pp. 1445-1450, 2009.

Kumar, P. Mohanty, D. Palit, and A. Chaurey, “Approach for standardization of off-grid electrification projects,”
Renewable and Sustainable Energy Reviews, vol. 13, no. 8, pp. 1946—-1956, 20009.

Dmowski, P. Biczel, and B. Kras, “Stand-alone telecom power system supplied by pem fuel cell and renewable sources,”
in International Fuel Cell Workshop 2001, 2001.

M. Elhadidy and S. Shaahid, “Decentralized/stand-alone hybrid wind-diesel power systems to meet residential loads of
hot coastal regions,” Energy Conversion and Management, vol. 46, no. 15-16, pp. 2501-2513, 2005.

J. Munoz, L. Narvarte, and E. Lorenzo, “Experience with pv-diesel hybrid village power systems in southern morocco,”
Progress in Photovoltaics: Research and Applications, vol. 15, no. 6, pp. 529-539, 2007.

“Potential of off- and mini-grid application in remote regions,” SHYCA Project, Tech. Rep., 2005. [Online]. Available:
www.shyca.org/results/others/Offgrid.pdf.

Nfah, J. Ngundam, M. Vandenbergh, and J. Schmid, “Simulation of off-grid generation options for remote villages in
cameroon,” Renewable Energy, vol. 33, no. 5, pp. 1064-1072, 2008.

M. Michael, D. Turcotte, and S. Roussin. Comparison of ac, dc, and ac/dc bus configurations for pv hybrid systems.
[Online]. Available: http://canmetenergy-canmetenergie.nrcanrncan.gc.ca/eng/renewables/standalone
pv/publications/2005126.html.

Cramer, J. Reekers, M. Rothert, and M. Wollny, “The future of village electrification,” SMA Regelsysteme GmBH,
Tech. Rep. [Online]. Available: http://download.sma.de/smaprosa/dateien/1376/Future-village-electrification.pdf

Sinha, S. and Chandel, S., “Review of software tools for hybrid renewable energy systems”, Renewable and Sustainable
Energy Reviews, vol. 32, pp. 192-205, 2014.

Mondal, A. H. and Denich, M., “Hybrid systems for decentralized power generation in Bangladesh”, Energy for
Sustainable Development, vol. 14, no. 1, pp. 48-55, 2010.

www.rsisinternational.org Page 111


https://www.rsisinternational.org/journals/ijrias
https://www.rsisinternational.org/journals/ijrias
http://www.shyca.org/results/others/Offgrid.pdf
http://canmetenergy-canmetenergie.nrcanrncan.gc.ca/eng/renewables/standalone%20pv/publications/2005126.html
http://canmetenergy-canmetenergie.nrcanrncan.gc.ca/eng/renewables/standalone%20pv/publications/2005126.html
http://download.sma.de/smaprosa/dateien/1376/Future-village-electrification.pdf

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (I1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS | Volume VI1II Issue 111 March 2023

34. Mondal, M. A. H. and Islam, A. S., “Potential and viability of grid-connected solar PV system in Bangladesh”,
Renewable energy, vol. 36, no. 6, pp. 1869-1874, 2011.

35. Nandi, S. K. and Ghosh, H. R., “A wind—PV-battery hybrid power system at Sitakunda in Bangladesh”, Energy Policy,
vol. 37, no. 9, pp. 3659-3664, 20009.

36. Micangeli, A., Del Citto, R., Santori, S. G., Gambino, V., Kiplagat, J., Vigano, D., Poli, D., Fioriti, D., Del Citto, R., and
Kiva, I. N., “Energy Production Analysis and Optimization of Mini-Grid in Remote Areas: The Case Study of
Habaswein, Kenya”, Energies, vol. 10, no. 12, p. 2041, 2017.

37. Halabi, L. M., Mekhilef, S., Olatomiwa, L., and Hazelton, J., “Performance analysis of hybrid PV/diesel/battery system
using HOMER: A case study Sabah, Malaysia”, Energy conversion and management, vol. 144, pp. 322—-339, 2017.

38. AE 868(Commercial Solar Electric Systems): PV System Types and Components. (2018), [Online]. Available:
https://www.e- education.psu.edu/ae868/node/872 (visited on Oct. 20, 2018).

39. The Florida Solar Energy Center (FSEC): Types of PV Systems. (2018), [Online]. Available:
http://www.fsec.ucf.edu/en/consumer/solar_electricity/basics/types of pv.htm (visited on Oct. 20, 2018).

40. Nayar, C., Phillips, S., James,W., Pryor, T., and Remmer, D, “Novel wind/diesel/battery hybrid energy system”, Solar
energy, vol. 51, no. 1, pp. 65-78, 1993.

41. Plug The Sun : Off Grid Solutions. (2018), [Online]. Available: https : / /www. plugthesun.com/off-grid-solutions/
(visited on Jul. 20, 2018).

42. Roland, S and Glania, G, “Hybrid mini-grids for rural electrification: Lessons learnt”, Alliance for Rural Electrification
(ARE)/USAID. Brussels, Belgium, 2011.

43. Setiawan, A. A., Zhao, Y., and Nayar, C. V., “Design, economic analysis and environmental considerations of mini-grid
hybrid power system with reverse osmosis desalination plant for remote areas”, Renewable Energy, vol. 34, no. 2, pp.
374-383, 2009.

44, Kumar, Y. P. and Bhimasingu, R., “Renewable energy based microgrid system sizing and energy management for green
buildings”, Journal of Modern Power Systems and Clean Energy, vol. 3, no. 1, pp. 1-13, 2015.

45. Weldemariam, L. E., “Genset-solar-wind hybrid power system of off-grid power station for rural applications”, Master’s
thesis, Delft University of Technology, 2010.

46. Meinhardt, M., Rothert, M., Wollny, M., and Engler, A., “Pure ac-coupling—the concept for simplified design of scalable
pv-hybrid systems using voltage/frequency statics controlled battery inverters”, Proceedings of PVSEC-14, pp. 1-4,
2004.

47. Chen, W., Shen, H., Shu, B., Qin, H., and Deng, T., “Evaluation of performance of MPPT devices in PV systems with
storage batteries”, Renewable Energy, vol. 32, no. 9, pp. 1611-1622, 2007.

48. Ninad, N. A., “Control Strategies for Power Electronic Interfaces in Unbalanced Diesel Hybrid Mini-Grids with
Renewable Sources and Storage”, Doctoral dissertation, Concordia University, 2013.
49. Grant, J. A., “Design and simulation of a dc microgrid for a small island in belize”, Doctoral dissertation, 2018.

50. Kabir, M. A., Hasan, A. M., Sakib, T. H., and Hamim, S., “Challenges of photovoltaic based hybrid minigrid for off-grid
rural electrification in Bangladesh”, 2017 4™International Conference on Advances in Electrical Engineering (ICAEE),
IEEE, pp. 686-690, 2017.

51. Blackburn, J. L. and Domin, T. J., Protective relaying: Principles and applications. CRC press, 2006.

52. Girgis, A. and Brahma, S., “Effect of distributed generation on protective device coordination in distribution system”,
Large Engineering Systems Conference on Power Engineering, (LESCOPE ’01), IEEE, pp. 115-119, 2001.

www.rsisinternational.org Page 112


https://www.rsisinternational.org/journals/ijrias
https://www.rsisinternational.org/journals/ijrias
http://www.fsec.ucf.edu/en/consumer/solar_electricity/basics/types_of_

	Where,  is the PV generator reference efficiency,  is the efficiency of power tracking equipment which is equal to 1, is the temperature of PV cell ( C), is the PV cell reference temperature and  is the temperature coefficient of efficiency, ranging ...
	(1.3)
	Where, is the ambient temperature ( C), is the overall heat loss coefficient (W/m2/  C), and  represent the transmittance and absorptance coefficients of PV cells respectively.The overall heat loss coefficient  can be estimated from the nominal opera...
	(1.4)
	Consequently, the instantaneous PV generator efficiency can be expressed as follows:
	(1.5)
	Where, , NOCT, were parameters that depend on the type of module and given by the manufacturer of the modules. Using the solar radiation available the hourly energy output of the PV generator () can be calculated according to the following equation (...
	(1.6)
	Where, G (t) is the hourly irradiance in kWh/m2, A is the surface area in m2, PPV is the PV penetration level factor and is the efficiency of PV generator.
	B. Population Growth and Load Forecasting
	The population of Ethiopia accounts all residents regardless of legal status/citizenship except for refugees not permanently in the country of asylum, which are generally considered part of the population of the country of origin. The average annual ...
	The formula used for population forecasting is:
	(1.7)
	Where: Pn – is population at the nth year, P0 – is the current population and r – is annual population growth rate in %.
	C. Load Forecasting
	The load forecasting was done for the two load estimations separately. It was obvious that previously recorded data was required as an input to conduct load forecasting using different techniques. But since the selected area was not electrified so fa...
	(1.8)
	Where: En - is electric load at the nth year, E0 - is the current electric load and  r - is the annual electric load growth (i.e. 5%)
	The result of this analysis was shown in Table 1.1 below. These values are then used as input to forecast for the coming 10 years (2030) using the exponential method of forecasting.
	Table I: Results of primary load forecasting
	Thus, the principle of regression theory was used to forecast the load for the coming ten years by using the results in Table I as a previous data. Its principle was that any function y = f(x) can be fitted to a set of points (x1, y1), (x2, y2) so as...
	Among the different typical regression curves used in power system forecasting the simple least square line was used for forecasting the load in this paper. The line y = a0 + a1x was fitted to the sets of points (x1, y1), (x2, y2) … (xn, yn).Where, y...
	Partial differentiation with respect to the regressions coefficients (a0 and a1) is made and the equations set to zero to obtain the minimum error criterion. This gives us a set of simultaneous equations in a0 and a1:
	Which yield
	(1.11(a))
	(1.11(b))
	Table II(a): Results of the analysis
	Table II (b)
	The electricity generation by individual power units of the hybrid system and consumptions by AC primary and deferrable load are given in Fig.2
	PV array power production accounts for 98.5% (659,278kWh/year) whereas Diesel Generator generation covered 1.5%(1,053kWh/year) of total electricity produced by the hybrid scheme. The total power generation of this power system setup was 660,331kWh/yea...
	A. Cost Summary in terms of NPC by Component Type
	The following Fig.3 shows that the cost summary in terms of NPC by component type which were the system set-up. It shows graphical representation of each component and also other required materials NPC ($). In addition to these, it shows table repres...
	B. Cost Summary of the System by Cost Type
	The Fig.4 below displays cost break down summary of the components with 100% renewable fraction hybrid power scheme. It is clearly seen from the graph the total capital cost, NPC and COE of the optimal configuration of the hybrid system is calculated ...
	Fig.3: Cost summary in Terms of NPC by Component Type
	Fig. 4: Cost summary of the system by cost type
	C. Sensitivity Results Consideration
	Sensitivity is a measure of how the optimal mix of components changes for any parametric variations in the lifelong of the system. The HOMER software simulates all the systems in their respective search space for each of the sensitivity values. An ho...
	In Fig.5 the line graph below shows PV array capacity variations (KW) and AC primary load (KW) is displayed within given month of April. Considering only two of the sensitivity cases (solar PV power (KW) and AC primary load (KW)) by keeping the other...
	Fig. 5: PV Array Capacities vs. AC Primary Load
	D. Programmable Logic Control System Results
	Based on the above Table III Source control (switching) which type source at what time (solar, diesel generator and battery) supplies to get continuous and reliable operation at economic level given depicts energy management system using PLC as a ref...

